Cod results from high retention of spring-spawned larvae in years when winds were predominately out 5 of the north, which favor downwelling. We re-evaluated this relationship using updated recruitment 6 estimates and found that the correlation decreased between recruitment and wind. The original 
Introduction

21
There are a range of approaches to include environmental and ecosystem information in stock 22 assessments from extended single species models (e.g., environmentally-explicit stock-recruitment 23 models) to highly complex ecosystem models (Townsend et al. 2008 , Stock et al. 2011 . Despite the 24 relative simplicity of environmentally-explicit single-species models, there are still relatively few 25 examples of their use in stock assessments. Myers (1998) conducted a meta-analysis and found that 26 only a few environment-recruitment correlations held up when re-tested with new data. Further, Myers
27
(1998) cited only 1 of 42 studies where the environment-recruitment relationship was used to modify 28 management advice (Pacific Sardine) (Jacobson and MacCall 1995) and this relationship has since 29 been scrutinized (Jacobson and McClatchie 2013) . In a review of modeling studies that link 30 environmental variability to fishery population dynamics, Keyl and Wolff (2008) identified seven 31 potential causes for "breaking relationships" between the environment and population dynamics: non-32 linearity, multi-dimensionality, direct and indirect effects, temporal lags, spatial considerations, effect 33 of population structure, and spurious regressions. In all but the last cause, the environment-population 34 link is real and masked by other factors. In the case of spurious regressions, the environment-35 population link is not real and is an artifact of limited sample size or auto-correlated time series (Pyper 36 and Peterman 1998, Granger et al. 2001) . Owing to the well-documented occurrence of "breaking 37 relationships", before environment-recruitment relationships are used in stock assessment, they should 38 have a mechanistic basis and be supported by hypothesis testing and re-testing of the relationship with 39 cross-validation and new data (Myers 1998 , Francis 2006 , Keyl and Wolff 2008 . 
Recruitment and Spawning Stock Biomass Estimates
75
Recruitment and spawning stock biomass estimates were derived from two stock assessment 76 models (Table 1) : one completed in 2008 (Mayo et al. 2009) population analysis (VPA), which is a cohort-reconstruction technique that uses age-specific removals 80 from fishing and is tuned to fishery-independent indices of abundance. The loss of fish from a cohort is 81 an estimate of total mortality. Assuming values of natural mortality, fishing mortality can be estimated 82 (Quinn and Deriso 1999) . Recruitment was defined as the number of age-1 fish in a given year. In the (Table 1) .
90
The VPA model used here was not the final model from the 2011 stock assessment; the final 91 model was based on the Age-Structured Assessment Program (ASAP; Legault and Restrepo 1998 (Figure 2 ). This wind direction is aligned with the dominant axes of the Maine coastline 133 and would be expected to be most effective in driving offshore Ekman transport, which would 134 presumably carry larvae offshore and away from local nursery habitats. This is indicated in the 135 modeling analyses of Churchill et al. (2011) (their Figure 11 ).
136
We re-examined the wind-recruitment correlation using recruitment estimates from the 2011 that the r 2 estimate will be inflated as more independent variables are added (i.e., the inclusion of the 166 environmental term).
167
From the parameter estimates of the stock recruitment relationship (a, b, and c), steepness (h),
168
virgin recruitment (R0), and virgin spawning stock biomass (S0) were also calculated. These parameters 169 are useful for comparing between stocks, and for calculating reference points used in stock assessments 170 (Myers et al. 1999 , He et al. 2006 . It is straightforward to derive a translation between the present where sr0 is unexploited spawning stock biomass per recruit, fage,year is fecundity at age in a given year,
184
and Mi,year is the natural mortality at age in a given year. creates bias in the parameter estimates of stock recruitment models (Ludwig and Walters 1981, Walters 194 and Ludwig 1981, Quinn and Deriso 1999) . Depending on the degree of bias, the underlying 195 relationship between spawning stock biomass and recruitment could be masked such that it is not 196 apparent that a relationship even exists (Quinn and Deriso 1999) .
197
To evaluate the effect of uncertainty in the assessment models estimates of spawning stock 198 biomass and recruitment on the fits of the stock-recruitment functions, we used two approaches: 1) 199 bootstrapped estimates of spawning stock biomass and recruitment from both assessment models and 2) retrospective estimates of spawning stock biomass and recruitment from both assessment models.
201
The output of the bootstrapped and retrospective assessment models were subjected to the same methods of model fitting described above. The bootstrap model runs were used to examine the 
Results
235
Test of the Wind-Recruitment Relationship
236
The correlation between the original northward wind index derived by Churchill et al. (2011) 
246
The difference between the recruitment estimates from the two assessment models was largely 
252
The differences between the results of the two assessments can primarily be attributed to changes in the 253 underlying data (e.g., incorporation of additional sources of catch and discards) and incorporation of The environmental models estimated slightly lower steepness and a larger estimate of 264 unexploited recruitment (R0) than the standard model (Table 2) . Over a range of ± 1 standard deviation 265 of the mean wind, the environmental models predict different stock-recruitment relationships, with both Most estimated parameters (a, b, S0, and R0) for both the Standard and Environmental model 290 had extremely high coefficients of variation (Table 2) , which indicates that the data are not sufficiently 291 informative with respect to these parameters. Examining the fit over the implied range of recruits and 292 spawning biomass (from the origin to unexploited conditions), it is apparent that there is no data to 293 inform unexploited conditions (i.e., the asymptote of the curve), nor is there any data to inform the rate of descent to the origin (Figure 6 ). With such a limited range in estimated spawning biomass and the 295 large range of estimated recruitment, the large CVs on estimated parameters are to be expected.
296
Consequently, even the "best" fitting model is unreasonable. 
318
Evaluation of the stock recruitment relationship (eq 1 and 2) parameters from the bootstrapped 319 assessment model estimates shows the two parameters (a and b) are highly correlated but vary among 320 stock-recruitment models (eq. 1 and eq 2) and assessment models (2008 and 2011) (Figure 9) . The 321 environmental model (eq. 2) parameters are lower and less variable than the standard model (eq 1) 322 parameters. 
347
The retrospective analysis conducted here supports an explanation for the decrease in 
356
Reduced retrospective patterns were also found for the statistical catch-at-age (ASAP) model that was None of the additional data showed any evidence that the year class was exceptionally large. In general, (Table 2 ). It is possible that wind stress has a 384 significant impact on egg and larval survival by affecting supply to juvenile nurseries, but that other processes are also important in determining recruitment (Rothschild et al. 2005 , Lough and O'Brien 386 2012 , Friedland et al. 2013 . If data were available on the abundance of eggs, larvae and juveniles at 387 multiple points within that first year of life, and if the associated selectivity (or catchability) were Table 2 ). Instead, management advice was based on using F40% as a proxy for FMSY (NEFSC 2008) .
406
The biological parameters (weights-at-age, maturity-at-age) and fishery selectivity-at-age were evaluate the influence of individual observations on the stock-recruitment relationship (Efron 1981) .
461
Performing retrospective analyses might suggest the number of years that need to be excluded. The potential of spurious environmental relationships due to retrospective patterns does not 472 negate the utility of exploring the inclusion of environmental information in stock assessments.
473
However, Myers (1998) , Keyl and Wolff (2008) , and our study indicate that caution is needed. Further,
474
Haltuch et al. (2009) There is no data to support the estimates of "virgin conditions" and the lack of contrast in spawning stock size is one factor contributing to the highly variable parameter estimates derived from fitting the stock recruitment relationships (Table 2 ). 
